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Abstract. The early origin and evolutionary radiation of graptolites (Hemichordata: 
Pterobranchia) is a story told almost entirely in the fossil record, but for four extant 
species of the genus Rhabdopleura. Here we report the discovery of a fifth species, 
Rhabdopleura recondita sp. nov., at a depth range of -2 to -70 m from the Adriatic and 
Ionian Seas, always associated with bryozoans in coralligenous habitats. This is the first 
pterobranch record in Italian waters, and the second in the Mediterranean Sea. The new 
species is characterized by a) tubaria with smooth creeping tubes adherent to the inside 
of empty bryozoan zooecia;  b) erect outer tubes with a graptolite, fusellar-like 
organization; and c) zooids that extend from a black stolon, which is free from the 
creeping tube. Each of the paired feeding arms has two rows of tentacles that do not 
extend to the arm tip. The distal ends of the arms, the collar, and the cephalic shield are 
replete with black granules. Phylogenetic analyses of individual and concatenated gene 
sequences of mitochondrial 16S rDNA and nuclear 18S rDNA support the validity of R. 
recondita as a new species. Finally, we discuss the global biogeographic and habitat 
distributions of the extant Rhabdopleura representatives.  
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Until recently, Graptolithina (Hemichordata: Pterobranchia) was considered an 
extinct taxon (Maletz 2015), but a cladistic analysis from Mitchell et al. (2013) 
reorganized the class Pterobranchia so that it now includes a clade for extant 
Rhabdopleura spp within the subclass Graptolithina and a clade for extant 
Cephalodiscus. Rhabdopleurids are a small basal clade of graptolites with a fossil 
record extending back 536 Myr (Mitchell et al. 2013). Graptolites are mostly 
known from the planktonic forms that suddenly appear in the Early Ordovician, 
followed by a tremendous radiation, before going extinct in the Lower Devonian. 
Except for a few poorly preserved specimens, the zooids are entirely unknown. 
Instead the fossils are known from the fibrous tubaria. Following the Lower 
Devonian extinction of planktonic forms, only a few specimens of benthic 
rhabdopleurid tubaria have been found in Permian, Jurassic, and Eocene fossils 
(e.g. Rickards et al. 1984; Mierzejewski 1986; Maletz 2015). The origin of the 
genus Rhabdopleura dates back to the Middle Ordovician (Kozlowski 1961; Maletz 
2014 and references therein). Rhabdopleura has shown little change in that time, 
and the four extant Rhabdopleura species (R. annulata Norman, 1921, R. compacta 
Hincks, 1880, R. normani Allman, 1869, R. striata Schepotieff, 1909) are thus 
regarded as living fossils (Durman and Sennikov 1993). These species are known to 
occur pan-globally, especially from deep waters in polar regions. Here we describe 
a new species, Rhabdopleura recondita sp. nov., collected from shallow-water in 
the Mediterranean Sea. 
In the framework of a faunistic survey of the coralligenous habitats along the SE 
Adriatic Sea (Strait of Otranto), colonies of a rhabdopleurid pterobranch were first 
discovered at 20 m depth in March 2009 by the Marine Biology and  Zoology 
Laboratory at the University of Salento, Lecce (see De Vito et al. 2010). It was 
provisionally assigned to R. compacta based on similarities of the tubes and zooids. 
This was the second finding of pterobranch colonies from the Mediterranean Sea, 
following Laubier’s (1964) record of Rhabdopleura normani near Cape Abeille 
(Banyuls, France). Thanks to the year round availability and unexpected abundance 
of the pterobranch colonies in the Strait of Otranto and neighbouring seas at 
shallow depths, we were able to describe herein the Italian rhabdopleurid colonies 
4 
by integrative morphological and molecular analyses and clarify their taxonomic 
status as a new species.  Based on their morphology, behavioural and distributional 
data, we assume all rhabdopleurid specimens collected so far along the French and 
Italian coasts most likely belong to a single pan-Mediterranean species.  
Diagnosis of class PTEROBRANCHIA Lankester, 1877: 488 
Benthic and fixed, or planktonic zooids that are colonial or pseudocolonial. Zooids 
have a tripartite body plan including a pre-oral cephalic shield (protosoma), a collar 
(mesosoma) with two or more arms each bearing a double row of ciliated tentacles, 
and a trunk (metasoma) that houses gonads and a U-shaped gut that has a ventro-
posterior positioned, elongated stalk that connects to a mobile germinal disk 
(pseudocolonial Cephalodiscus) or stolon (colonial graptolites) that connects the 
zooids; external proteinaceous tubarium composed of tubes. Cambrian, Series 3, 
Stage 5 (?Acadoparadoxides oelandicus or Oryctocephalus indicus or Yuknessia 
simplex) to Recent: worldwide in marine environments. 
Diagnosis of family RHABDOPLEURIDAE Harmer, 1905: 5 
Diagnosis (emended). (Maletz 2014: 486) – Colonial pterobranchs with encrusting 
tubular constructions with irregular fusellar rings or regular zigzag sutures in 
creeping and erect tubes; resorption porus for the origination of new tubes; erect 
thecal tubes parallel sided or slowly widening, with unornamented apertures; zooids 
connected through robust stolon system (black stolon); sicular zooid secretes 
featureless domal prosicula. 
Genera included (modified from Maletz 2014: 486)  – ?Archaeocryptolaria 
Chapman, 1919; Calyxhydra Kozłowski, 1959; Chitinodendron Eisenack, 1938; 
Cylindrohydra Kozłowski, 1959; Diplohydra Kozłowski, 1948; Eorhabdopleura 
Kozłowski, 1970; Epigraptus Eisenack, 1941; Fasciculitubus Obut & 
Sobolevskaya, 1967; Graptovermis Kozłowski, 1948; Haliolophus Sars, 1868; 
?Haplograptus Ruedemann, 1933; Idiotubus Kozłowski, 1948; Kystodendron 
Kozłowski, 1959; Lagenohydra Kozłowski, 1959; ?Malongitubus Hu, 2005; 
Palaeokylix Eisenack, 1932; Palaeotuba Eisenack, 1934; Rhabdopleura Allman, 
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1869; Rhabdopleurites Kozłowski, 1967; Rhabdopleuroides Kozłowski, 1961; 
Rhabdotubus Bengtson & Urbanek, 1986; ?Sphenoecium Chapman & Thomas, 
1936; Sphenothallus Chapman, 1917 (non Sphenothallus Hall, 1847: uncertain 
tubular fossil, see Fatka et al. 2012); Stolonodendrum Kozłowski, 1948; Xenotheca 
Eisenack, 1938; ?Yuknessia Walcott, 1919. 
Diagnosis of genus Rhabdopleura Allman, 1869 
Rhabdopleura is the only graptolithinid genus where the zooidal anatomy and 
zooidal development is known. The zooid body of Rhabdopleura is tripartite like 
those of Cephalodiscus and Atubaria but possesses only a single pair of arms. In 
most cases zooids have a life-long connection to the stolon system. Additional 
minor anatomical differences exist, mostly associated with a reduced body size 
(Cameron 2005). Rhabdopleura females produce only a single egg and gill pores 
are absent. Sixteen fossil species are described (Chapman et al. 1995) and four 
extant species are currently recognized (Horst 1939): Rhabdopleura annulata   
Norman, 1921; Rhabdopleura compacta Hincks, 1880; Rhabdopleura normani 
Allman, 1869; and Rhabdopleura striata Schepotieff, 1909. Here we add a new, 
previously undescribed species, Rhabdopleura recondita sp. nov. Beli, Cameron 
and Piraino. 
Rhabdopleura recondita sp. nov. Beli, Cameron and Piraino 
(Figs 1A–I, 2A–C) 
Etymology 
The specific name means ‘hidden’, ‘concealed’, because colonies inhabit the interstices 
of vacant cheilostome bryozoan zooecium, from which the erect pterobranch tubes 
project.  
Type specimens 
(Following NMNH – Smithsonian - policy, accession numbers will be provided by 
Karen Osborn, Curator of Invertebrates, once the manuscript is accepted) 
Holotype and paratype specimens are catalogued in the National Museum of Natural 
History (Smithsonian Institution), Washington D.C.  
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Holotype. Italy, Otranto (LE), -70 m, 13.v.2016, R. recondita colony is in a tube of 4% 
formalin within two fragments of Myriapora truncata (Pallas, 1766) zooecium of about 
1 cm and 1.5 cm, encrusted with serpulid tubes and barnacles. The R. recondita colony 
is complete with stolon, zooids and erect tubes. Accession number: XXXX 
Paratypes:  
1. Italy, Otranto (LE), -18 m, 23.iii.2016, R. recondita colony hosted in M. truncata, 
fixed in 96% ethanol. Accession number: XXXX 
2. Italy, Otranto (LE), -18 m, 13.iii.2016, R. recondita colony hosted in 
Schizoretepora serratimargo (Hincks, 1886), fixed in 4% formalin. Accession 
number: XXXX 
3. Italy, Otranto (LE), -18 m, 13.v.2016, R. recondita colony hosted in S. 
serratimargo, fixed in 96% ethanol. Accession number: XXXX 
4. Italy, Otranto (LE), -18 m, 10.v.2016, R. recondita naked zooid, fixed in 4% 
formalin. Accession number: XXXX 
5. Italy, Otranto (LE), -18 m, 23.iii.2016, R. recondita naked zooid, fixed in 96% 
ethanol. Accession number: XXXX 
Material examined 
Colonies of Rhabdopleura recondita were collected by SCUBA diving or by gill 
nets from 2013 to 2016 at 2-70 m range depth at different subtidal pre-coralligenous 
and coralligenous habitats around the Salento Peninsula, SE Italy (Table 1). 
Rhabdopleura recondita colonies were most commonly found in the interstices of 
the vacant calcareous zooecium of the cheilostome erect bryozoans Myriapora 
truncata, Schizoretepora serratimargo, and more rarely in the encrusting bryozoans 
Celleporina caminata (Waters, 1879) and Reptadeonella violacea (Johnston, 1847) 
(Table 2). 
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Bryozoan zooecium debris were collected from the sea floor, or less commonly 
attached to vertical walls. The bryozoan community and more generally, the 
biogenic coralligenous community at Otranto is diverse and abundant (e.g. 
molluscs, serpulids, madreporarians). Sympatric taxa that were found on the 
zooecium debris with R. recondita included coralline algae, sponges, hydrozoans, 
polychaetes, nudibranchs, crustaceans and ciliates. 
The zooecium fragments with the pterobranch colonies were placed in plastic 
containers, transferred to the laboratory at the University of Salento, Lecce, and 
placed into an aquarium at 18 °C, the seawater temperature recorded at the time of 
collection. The specimens were then observed by the means of a stereomicroscope 
and pictures obtained with a Sony digital camera.  
Pterobranch zooids, or partial zooids were fixed either in RNAlater, frozen with dry 
ice and stored at -80 °C, or in 99% ethanol for transcriptome and DNA sequencing, 
respectively. DNA from ethanol-preserved zooids was extracted following the 
protocol of Zietara et al. (2000), or using DNeasy Tissue extraction kits (Qiagen, 
Valencia, CA). Two different molecular markers were amplified: (i) an 
approximately 600-bp portion of 18S from nuclear rRNA and (ii) an approximately 
600-bp portion of the mitochondrial 16S rRNA. The PCR amplification were set up 
using the same protocols and primers described in Halanych (1995) and Palumbi 
(1996) and all products were purified and directly sequenced in forward and reverse 
directions using an ABI 3730xl DNA Analyser (Applied Biosystem, Foster City, 
CA, USA). The sequences obtained in this study were deposited in GenBank with 
the accession numbers: LT714188- LT714195, KU873083, KU873084. Sequences 
were aligned with other sequences of Rhabdopleura species and outgroups retrieved 
from GenBank (Table 3), using MAFFT 7.110 (Katoh and Standley 2013) with the 
E-INS-i option and the obtained alignments were run through Gblocks (Castresana 
2000; Talavera and Castresana 2007) to remove ambiguously aligned regions using 
the default ‘less stringent’ settings. The sequences were combined in a concatenated 
dataset and jModeltest 2.1.4 (Darriba et al. 2012) was used to determine the 
appropriate molecular models. Bayesian inference (BI) and maximum likelihood 
(ML) were used to infer phylogenetic relationships for both single-locus and multi-
locus datasets. BI analyses were performed using MrBayes 3.2 (Ronquist et al. 
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2012). Four parallel Markov Chain Monte Carlo runs (MCMC) were run for 3x106 
generations. Trees were sampled every 100th generation and burn-in was set to 
25%, based on checking the parameter estimates and convergence using Tracer 1.6 
(Rambaut et al. 2014). ML trees were built with Garli 2.01 (Zwickl 2006). Non-
parametric bootstrap values were calculated from 1000 replicates, each based on 
five heuristic search replicates; the resulting trees were read into the SumTrees 
4.0.0 program in the DendroPy 4.0.0 package (Sukumaran and Holder 2010) to 
obtain bootstrap support values and to map them on the best ML tree. The genetic 
distances (uncorrected p-distance, 1000 bootstraps) within and among 
rhabdopleurids clades were also estimated for each locus using MEGA 6 (Tamura 
et al. 2013). 
External zooid morphology 
Colonies of Rhabdopleura recondita grew within the empty zooecium of 
cheilostome bryozoans, with pterobranch zooids and stolons occupying the 
available vacant interstices (Fig. 1C–I). The zooids were tripartite (Figs 1A, 2A, B) 
with an anterior ciliated cephalic shield (protosoma), involved in locomotion, 
grasping the edge of the tube when feeding and in the secretion of the tubes. 
Posterior to the cephalic shield the collar (mesosoma) included a pair of dorsal 
anterior extended arms, each bearing paired rows of ciliated tentacles with a length 
of 166 ± 35 µm (N = 20). Zooids were 616 ± 115 µm in total length (including 
arms); the metasoma was 246 ± 48 µm, and the mesosoma with collar and arms was 
367 ± 91 µm (N = 20). Both cephalic shield (especially the leading edge) and the 
arms (particularly the distal tips) were replete with dense, black pigment spots (Fig. 
1A–C). Observations with the optical microscope revealed sparse yellow granules 
on the metasoma surface, on arms and tentacles and on the contractile stalk, 
possibly bodies involved in the secretion of mucus for filter feeding (Stebbing and 
Dilly 1972) and tube/stolon construction (Fig. 1B). Distally, the two arms lacked 
tentacles for about one third of their length (Figs 1A, B, F, G, 2A, B), and terminate 
with slightly bulbous tips. When relaxed, zooids stretched the non-tentacled arms’ 
parts, and the tips in particular, up to more than half the total arms’ length (Fig. 
1G). The elongated non-tentacled distal tips of the arms, is the most striking and 
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unique feature of R. recondita zooids. As a zooid emerges from a tube, the black 
pigmented arm tips are the first structures to exit, so may function to detect light. 
The arms developed from zooid buds (and the buds from branches of the stolon); 
the non-tentacled, distal-most part appeared first, whereas tentacles number and 
length increased by basal growth (Fig. 1C). The number of tentacles in adult zooids 
was rather variable: in shallow water colonies (2-20 m depth) 11 to 15 tentacles per 
row were counted, but this number increased up to 24 per row in colonies living 
under low hydrodynamic conditions (70 m depth). The trunk (metasoma) was light 
brown and globular shaped. The U-shaped gut, visible through the ectoderm, 
occupied almost the entire body cavity (Figs 1A, B, 2B). The anus was located 
dorsally on the metasoma, posterior to the collar whereas the contractile stalk 
extended ventrally from the trunk to a black stolon (Figs 1B, D, 2B). Pterobranchs 
are unusual in that colonies may be male, female or dioecious, but in our case 
gametes were not found and so the gender of individual zooids was not determined. 
Tube and stolon morphology 
Rhabdopleura recondita occupied the interstices of bryozoan zooecium and so it 
did not construct typical tubular-shaped, creeping tubes with zig-zag shaped fuselli. 
Instead, the cavities of the bryozoan host were lined with thin, fragile and 
transparent, smooth tissue. Notwithstanding its unusual structure, not described in 
other graptolite species, we call here this smooth structure as ‘creeping tube’ to 
avoid introducing another term in the already linguistically rich graptolite literature. 
Unlike the creeping tubes of congeneric species, R. recondita creeping tubes 
showed a smooth internal and external surface texture, lacking half-ring fuselli 
(possibly because they develop within the protected inner cavities of the bryozoan 
zooecium). Inside the lacunae of the bryozoan zooecium the colony produced new 
zooids by asexual budding (Fig. 1C, E). Septa separating individual zooids were not 
found. Erect tubes projected outward from the bryozoan zooecium pores ranged 670 
± 406 µm (N = 20) in length from the outer edge of the bryozoan zooecium (Figs 
1D, F–H, 2C). They were transparent or slightly opaque, perhaps darkening with 
age. The erect tubes were characterized by a number of annular flared fuselli (13 ± 
9, N = 20) that had 37 ± 11 µm of space between them (Fig. 1F). Differently from 
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the smooth creeping tubes, the erect tubes had smooth internal and rough external 
surfaces. The diameters of the distal outer tubes were 222 ± 57 µm (N = 20). 
The zooid stalk was connected to a sclerotized black stolon (Figs 1E, I, 2C), from 
which other zooids were similarly attached. According to Schepotieff (1907) the 
stolon of rhabdopleurids is produced by expanding outgrowths of the terminal 
zooid. However, this observation was never confirmed by other authors (Mitchell et 
al. 2013; Maletz and Steiner 2015). At first, the stolon is soft (gymnocaulus) and 
later it becomes a sclerotized, inflexible black stolon (pectocaulus) (Lankester 
1884). We found no evidence for the occurrence of gymnocaulus in R. recondita 
colonies, but presume one preceded the abundant pectocaulus. The pectocaulus of 
R. recondita was apparently not adherent to the ‘creeping tube’, but was free and 
‘loose’ (Figs 1E, I, 2C). Zooids branched at irregular distances along the creeping 
pectocaulus to which they were attached by a contractile stalk (Fig. 1B). This 
irregular spacing accommodated the variable positioned exit holes from inside the 
zooecium. Along the length of the stolon thickened pigmented globules were 
frequently found (Figs 1I, 2C). The origin and construction of these is unclear, but 
they may be equivalent to the ‘dormant buds’ (see Urbanek and Dilly 2000) where 
buds develop (cf., Stebbing 1970a; see Urbanek and Dilly 2000). 
Molecular 16s and 18s rRNA gene trees 
The general topology of the phylogenetic trees based on BI and ML analyses were 
almost identical, and therefore only the Bayesian topology is shown. Both single-
locus and concatenated analyses recovered trees mostly concordant with each other 
(Figs 3, S1A, B) and with recent hemichordate phylogenies (Cameron 2005; 
Cannon et al. 2013, 2014; Simakov et al. 2015). Rhabdopleura and Cephalodiscus 
confirm to be monophyletic clades within the class Pterobranchia, supporting the 
phylogenetic reconstruction proposed by Mitchell et al. (2013). Rhabdopleura 
recondita sp. nov. constitutes a fully-supported monophyletic clade, well-separated 
from all other species included in the analyses. According to genetic distance 
estimations (Table 4), R. recondita shows a low intra-specific genetic diversity for 
both markers, whereas most species are highly divergent with each other, especially 
regarding 16S rRNA sequences, with an average among-species genetic distance of 
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22.8 (± 2.9) %. The only exception is represented by Rhabdopleura normani from 
Bermuda and Rhabdopleura sp. 2 from the Gulf of Mexico, for which the 
divergence over nuclear sequences is extremely low and is exceeded by the 
intraspecific diversity of R. normani. 
Remarks 
Interspecific differences of living rhabdopleurids 
Besides the 18S rRNA and 16S rRNA sequence differences (Fig. S1A, B), several 
morphological characteristics distinguish R. recondita from the other four known 
species. 
 
Rhabdopleura normani is lemon-yellow in colour with two kinds of epidermal 
pigments: reddish brown, mainly in the cephalic shield and tentacles, and light 
green mainly in the anterior margin and dorsal cephalic shield (Lankester 1884; 
Stebbing 1970a, 1970b). Like most rhabdopleurids, its pectocaulus is embedded in 
the lower wall of the creeping tube (Lankester 1884). Differently, R. recondita is 
characterized by dense aggregations of dark black granules throughout the cephalic 
shield and collar, with sparse yellow spots visible to the optical microscope, 
followed by a light brown-coloured trunk. Also, the creeping tube of R. recondita is 
not a regularly arranged tubular shape because it lines the irregular internal surface 
of the host bryozoan zooecium, and its pectocaulus is not fused to the creeping tube. 
The stolon ramifications are relatively long compared to those of R. normani whose 
stolons produce short branches immediately attached to the contractile zooid stalk. 
Further, R. recondita colonies reach only few mm in width while those of R. 
normani reach some centimetres. The depth range of R. normani is wide, ranging 
from 5 to 896 m (Stebbing 1970b: table 2). Rhabdopleura recondita was sampled in 
relatively shallow water (2-70 m) but we suspect this is the upper end of a much 
deeper range.  
 
The zooids of Rhabdopleura compacta are slightly shorter (505 µm) than those of 
R. recondita (616 ± 115 µm). The elongated, non-tentacled, black pigmented, distal 
tips of the arms is the most striking feature of R. recondita zooids, a unique 
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distinguishing character that readily differentiates this species from other described 
Rhabdopleura, and not previously recorded in any of the congeneric species 
(Stebbing 1970a, 1970b; Sato et al. 2008; Urbanek and Dilly 2000).The 
bathymetric range of R. compacta is from 21 m (Stebbing 1970b) to 100 m (Jullien 
1890). Rhabdopleura compacta from Plymouth is a similar lemon-yellow colour to 
R. normani (Stebbing 1970a, 1970b). The erect tubes of R. compacta are very 
similar to those of R. recondita, with flared fuselli. The mean distal tube diameter 
of R. compacta is 183 ± 12 µm, and R. recondita is 222 ± 57 µm. The distance 
between successive rings of the erect tubes is 30 ± 9 µm in R. compacta and 37 ± 
11 µm in R. recondita. Additional traits measured for which there is no comparative 
information in R. compacta were the lengths of the erect tubes (670 ± 406 µm) and 
the number of outer fuselli rings of the erect tube (13 ± 9), both measured from the 
bryozoan pore to the distal lip of the tube.  
 
Rhabdopleura striata colonies are 7-8 cm long (Schepotieff 1909), much bigger 
than the millimetre-sized R. recondita. Rhabdopleura striata has a tube width of 1 
mm and the height of erect tubes are 10-12 mm as opposed to a 0.222 mm tube 
diameter and 0.670 mm erect tube height of R. recondita. The zooids of R. striata 
are 1-1.5 mm in length whereas those of R. recondita are 0.616 mm. The colour of 
R. striata zooids are dark brown. Erect tubes in R. striata regularly branch on the 
same side of the creeping tube and are longitudinally striated, while those of R. 
recondita branch irregularly, exit the bryozoan zooecium at all directions, and lack 
longitudinal striations.  
 
Rhabdopleura annulata was described based on the tubarium structure. The erect 
tubes branch irregularly from the creeping tube and tubes are a light brown colour. 
Rhabdopleura annulata was named for the clearly marked fusellar rings of the erect 
tubes, which differ from the gently flared annulations of R. recondita. In contrast to 
R. recondita, and similarly to R. normani, the stolon is embedded in the lower wall 
of the creeping tube, and transverse septa separate the zooids. The erect tube 
diameter is 222 µm, like the 222 ± 57 µm of R. recondita, and average distance 
between successive rings is 50 µm versus 37 ± 11 µm for R. recondita. The erect 
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tubes have 9 to 47 fusellar rings, versus 13 ± 9 for R. recondita. Norman (1921) 
supposed that erect tubes with more fuselli may be those of older zooids, but it may 
also be due to food availability or differences due to the in situ water velocity where 
the tubes were secreted.  
Zoogeography of living rhabdopleurids 
Nearly a century has passed since the last description of a bona fide new species of 
living Rhabdopleura (R. annulata Norman 1921). Rhabdopleura recondita should 
be regarded as the fifth known species, though other rhabdopleurids have been 
found. Cannon, Swalla & Halanych (2013) sequenced rhabdopleurids from Iceland 
and the Gulf of Mexico but no descriptions were provided. Laubier (1964) collected 
one from Cape Abeille, near Banyuls-sur-mer, in the French Mediterranean and 
provisionally identified it as R. normani based on similarity of the zooids. It was 
collected between 25-40 m depth, in coralline algae and was found inside the 
zooecium of the bryozoan Dentiporella sardonica (Waters, 1879) (Laubier 1964). 
In this latter respect Laubier (1964) recognized this species as unusual. No figures 
were provided and no type specimen was deposited in a museum, but based on its 
Mediterranean locality, its use of a dead bryozoan zooecium as habitat, and the 
peculiarity of ‘creeping tubes’, we suspect that Laubier (1964) had discovered R. 
recondita and not R. normani. Further sampling needs to be done to determine 
whether the range of R. recondita extends from the Italian coasts of the SE Adriatic 
and Ionian Seas to Cape Abeille, France, if not the entire Mediterranean basin.  
Regional and ocean-scale basins in fact may be key to understanding the global 
distribution of Rhabdopleura species (Fig. 4). Rhabdopleura normani apparently 
has the widest distribution, having been collected throughout the North Atlantic 
basin, including the Norwegian Sea (Sars 1874; Hincks 1880; Nordgaard 1900; 
Burdon-Jones 1954; Stebbing 1970b), North Sea (Norman 1869; Allman 1869; 
Hincks 1880; Lankester 1882, 1884; Herdman 1892; Schepotieff 1904; Schepotieff 
1907; Grieg 1914; Burdon-Jones 1954; Stebbing 1970b), Barents Sea (Kluge 1948), 
Greenland Sea (Kluge 1948), Labrador Sea (Norman 1903; Burdon-Jones 1954), 
Bay of Biscay (Köehler 1896; Burdon-Jones 1954), Celtic Sea (Stebbing 1970b: 
table 2), Gulf of Lion (Laubier 1964; Stebbing 1970b: table 2), the Azores (Jullien 
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1890, Jullien and Calvet 1903; Burdon-Jones 1954; Stebbing 1970b) and Bermuda 
(Barnes 1977; Dilly 1985). It is moreover present in the South Atlantic (including 
the Argentine Sea) (Lopez-Gappa 1987), Fiji (Dilly and Ryland 1985) and Antarctic 
Ocean (Johnston 1937; Lopez-Gappa 1987). This widely discontinuous distribution 
could represent the relict populations of a formerly wide spread species if indeed it 
is absent from the intervening waters. Alternately, the disjunct populations may be 
polyphyletic species and derived by parallelism from a common antecedent once 
wide spread, or even by convergence from separate antecedent species. This is in 
the realm of possibility because: (1) Rhabdopleura species are defined and 
distinguished from each other by a very small number of features, (2) these traits 
are frequently those of tubaria that might be expected to converge on similar form 
depending on the attachment substrate, water flow and the availability of food, (3) 
development is via a non-feeding and short lived planula-like larva that presumably 
contribute little to the distribution of a population and (4) Rhabdopleura has shown 
little change in over a half billion year history. 
Rhabdopleura compacta is found in the English Channel (Jullien 1890; Burdon-
Jones 1954; Stebbing 1968, 1970b), and in the Irish Seas North Channel, off 
County Antrim (Hincks 1880; Burdon-Jones 1954; Stebbing 1970b), but also in the 
Gulf of Mexico (WoRMS: http://www.marinespecies.org/) (Fig. 4). Its disjunct 
distribution may be influenced by the Gulf Stream that passes from the Gulf of 
Mexico to the Northeast Atlantic, and is thus expected to occur in between.  
Rhabdopleura striata is known from a single collection made in the coral reefs of 
North Sri Lanka. Rarity is not an adequate explanation in its one-locality 
distribution. Lack of systematic search in contiguous habitats may play some role. 
Though a lack of suitable habitats, if for example coral reefs are required, may also 
explain its rarity.  
Rhabdopleura annulata is known from the waters around Indonesia (Norman 
1921), South Australia including Tasmania and New Zealand and thus represent a 
real species (Norman 1921; Johnston 1937; Hyman 1959), seemingly widespread in 
the South Pacific. 
The fossil record for Rhabdopleura extends back to a little less than a half billion 
years and thus it is one of the oldest genera on the planet. Phylogenetically, 
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rhabdopleurids are basal graptolites that have survived 5 major extinction events, 
including the Lower Devonian events that wiped out the more derived, 
spectacularly speciose, planktonic graptolite forms (Mitchell et al. 2013). The deep 
sea habitat of rhabdopleurids may have served as a refuge from the five major 
extinction events, the ability to form buds from cells protected in the black stolon, 
and the capacity for clonal reproduction have contributed to Rhabdopleura 
longevity. On the other hand, rhabdopleurids have rarely been found even in deep-
sea samples where they might otherwise be expected. This may be due to the 
difficulty of finding small sized pterobranchs that have cryptic association with 
biogenic substrates (e.g. corals, bivalve shells, bryozoan zooecia). Another 
interpretation of the limited distribution of R. recondita and R. striata and the 
disjuct distributions of R. normani is that they are relicts of once wider ranging 
species, and the prevalent patchiness manifested by the large number of seemingly 
suitable localities lacking any Rhabdopleura, between the sites where they occur, 
suggests a declining group, but not one expected to disappear anytime soon. The 
abundance of populations in the proximity of Britain and Europe suggests that 
sampling frequency could be an important factor explaining their distribution. In 
much more conspicuous groups, like sponges, knowledge on species richness and 
biogeography appears to be strongly biased by collection and taxonomy efforts 
(Van Soest et al. 2012). Similarly, we may find more rhabdopleurids with the 
increased use of ROV sampling, and more attention paid to small animals on 
calcium carbonate substrates. 
Acknowledgements 
We thank Jörg Maletz for providing precious advice on the paleontology and 
diagnostic features of the Rhabdopleuridae. Also, many thanks are due to: 
Ferdinando Boero and Doris De Vito, who first recorded the occurrence of 
Rhabdopleura zooids in Italian waters; Serena Zampardi, for advice in using the ‘R’ 
software package; Marco Lezzi, for help in bryozoan identification; and to the 
fishermen of the Anime Sante Società Cooperativa (Tricase Porto, Lecce) for 
collaborating on bryozoan research during their working hours at sea. This project 
16 
was supported by CBC’s Natural Sciences and Engineering Research Council of 
Canada (NSERC).  
 
References 
Allman, G. J. (1869). On Rhabdopleura, a new form of Polyzoa, from deep-see 
dredging in Shetland. Quarterly Journal of Microscopical Science 9, 57–63. 
Barnes, R. D. (1977). New record of Pterobranch Hemichordate from the Western 
hemisphere. Bulletin of Marine Science 27, 340–343. 
Bengtson, S., and Urbanek, A. (1986). Rhabdotubus, a Middle Cambrian 
rhabdopleurid hemichordate. Lethaia 19, 293–308. doi:10.1111/j.1502-
3931.1986.tb00743.x 
Burdon-Jones, C. (1954). The habitat and distribution of Rhabdopleura normani 
Allman. Universitetet I Bergen Årbok. Naturvitenskapelig rekke 11, 1–17. 
Cameron, C.B. 2005. A phylogeny of the hemichordates based on morphological 
characters. Canadian Journal of Zoology, 83, 196–215. doi: 10.1139/Z04-190 
Cannon, J. T., Swalla, B. J., and Halanych, K. M. (2013). Hemichordate molecular 
phylogeny reveals a novel cold-water clade of harrimaniid acorn worms. 
Biological Bulletin 225, 194–204. doi:10.1086/BBLv225n3p194 
Cannon, J. T., Kocot, K. M., Waits, D. S., Weese, D. A., Swalla, B. J., Santos, S. 
R., and Halanych, K. M. (2014). Phylogenomic resolution of the hemichordate 
and echinoderm clade. Current Biology 24, 2827–2832. 
doi:10.1016/j.cub.2014.10.016 
Castresana, J. (2000). Selection of conserved blocks from multiple alignments for 
their use in phylogenetic analysis. Molecular Biology and Evolution 17, 540–
552. doi:10.1093/oxfordjournals.molbev.a026334 
Chapman, A. J., Durman, P. N., and Rickards, R. B. (1995). Rhabdopleuran 
hemichordates: new fossil forms and review. Proceedings of the Geologists' 
Association 106, 293–303. doi:10.1016/S0016-7878(08)80240-4 
17 
Chapman, F. (1917). Report on Cambrian fossils from Knowley East, near 
Heathcote. In Maletz, J. (2014). The classification of the Pterobranchia 
(Cephalodiscida and Graptolithina). Bulletin of Geosciences 89, 477–540. 
Chapman, F. (1919). On some hydroid remains of Lower Palaeozoic age from 
Monegetta, near Lancefield. Proceedings of the Royal Society of Victoria 31, 
388–393. 
Chapman, F., and Thomas, D. E. (1936). The Cambrian Hydroidea of the Heathcote 
and Monegeeta Districts. Proceedings of the Royal Society of Victoria 48, 193–
219. 
Darriba, D., Taboada, G. L., Doallo, R., and Posada, D. (2012). jModelTest 2: more 
models, new heuristics and parallel computing. Nature Methods 9, 772. 
doi:10.1038/nmeth.2109 
De Vito, D., Onofri, I., and Piraino, S. (2010). Una nuova classe di invertebrati per 
la fauna marina delle acque italiane: prima segnalazione di Rhabdopleura 
compacta Hincks 1880 (Hemichordata, Pterobranchia) nel Mar Mediterraneo. 
71° congresso Unione Zoologica Italiana, Palermo (20-23 Settembre 2010). 
Dilly, P. N. (1985). A note on the status of Rhabdopleura from Bermuda. Journal 
of the Marine Biological Association of the United Kingdom 65, 987–991. 
doi:10.1017/S0025315400019469 
Dilly, P. N., and Ryland J. S. (1985). An intertidal Rhabdopleura (Hemichordata, 
Pterobranchia) from Fiji. Journal of Zoology 205, 611–623. 
doi:10.1111/j.1469-7998.1985.tb03548.x 
Durman, P. N., and Sennikov, N. V. (1993). A new rhabdopleurid hemichordate 
from the Middle Cambrian of Siberia. Palaeontology 36, 283–296. 
Eisenack, A. (1932). Neue Mikrofossilien des baltischen Silurs. II. 
(Foraminiferen, Hydrozoen, Chitinozoen u. a.). Paläontologische Zeitschrift 
14, 257–277. doi:10.1007/BF03042096 
18 
Eisenack, A. (1934). Neue Mikrofossilien des baltischen Silurs, III und Neue 
Mikrofossilien des böhmischen Silurs. I. Paläontologische Zeitschrift 16, 
52–76. doi:10.1007/BF03041667 
Eisenack, A. (1938). Neue Mikrofossilien des baltischen Silurs. IV. 
Paläontologische Zeitschrift 19, 217–243. doi:10.1007/BF03042242 
Eisenack, A. (1941). Epigraptus bidens n. g., n. sp., eine neue Graptolithenart 
des baltischen Ordoviciums. Zeitschrift für Geschiebeforschung und 
Flachlandsgeologie 17, 24–28.  
Fatka, O., Kraft, P., and Szabad, M. (2012). A first report of Sphenothallus Hall, 
1847 in the Cambrian of Variscan Europe. Comptes Rendus Palevol 11, 539–
547. doi:10.1016/j.crpv.2012.03.003 
Grieg, J. (1914). Bidrag til kundskapen om Hardangerfjordens fauna. In Burdon-
Jones C. 1954. The habitat and distribution of Rhabdopleura normani Allman. 
Universitetet I Bergen Årbok. Naturvitenskapelig rekke 11, 1–17. 
Halanych, K. M. (1995). The phylogenetic position of the pterobranch 
hemichordates based on 18S rDNA sequence data. Molecular Phylogenetetic 
and Evolution 4, 72–76. doi:10.1006/mpev.1995.1007 
Hall, J. (1847). ‘Paleontology of New York. Containing descriptions of the organic 
remains of the Lower Division of the New-York System (equivalent of the 
Lower Silurian rocks of Europe).’ (C. Van Benthuysen: Albany.) 
Harmer, S. F. (1905). ‘The Pterobranchia of the Siboga-Expedition with an account 
of other species.’ (E. J. Brill: Leiden.) doi:10.5962/bhl.title.11734 
Herdman, W. A. (1892). Notes on the collections made during the cruise of the S.Y. 
‘Argo’ up the West Coast of Norway in July, 1891. Proceedings and 
Transactions of the Liverpool Biological Society 6, 70–95. 
Hincks, T. (1880). ‘A history of the British marine Polyzoa.’ Vol. 1 (John Van 
Voorst: London.) doi:10.5962/bhl.title.31555 
19 
Hincks, T. (1886). The Polyzoa of the Adriatic: a Supplement to Prof. Heller's ‘Die 
Bryozoen des adriatischen Meeres’, 1867. Journal of Natural History 17, 254–
271. doi:10.1080/00222938609460142 
Horst, C. J. van der. (1939). Hemichordata. In ‘Klassen und Ordnungen des Tier-Reichs 
wissenschaftlich dargestellt in Wort und Bild’. (Eds H.G. Bronns.) Band 4, Abt. 4, 
Buch 2, Tiel 2. p. 737. (Akademische Verlagsgesellschaft, Leipzig.) 
Hu, S. (2005). Taphonomy and palaeoecology of the early Cambrian Chengjiang 
biota from eastern Yunnan, China. Berliner paläobiologische Abhandlungen 7, 
1–189. 
Hyman, L. H. (1959). ‘The Invertebrates: Smaller Coelomate Groups - 
Chaetognatha, Hemichordata, Pogonophora, Phoronida, Ectoprocta, 
Brachiopoda, Sipunculida – The coelomate Bilateria.’ (McGraw-Hill: New 
York.) 
Johnston, G. (1847). ‘A history of the British zoophytes.’ (John Van Voorst: 
London.) Second edition. doi:10.5962/bhl.title.19627 
Johnston, T. H. (1937). A note on the occurrence of Rhabdopleura annulata in 
South Australian waters. Records of the South Australian Museum 6, 105–107. 
Jullien, J. (1890). Description d'un Bryozoaire nouveau du genre Rhabdopleura. 
Bulletin de la Société zoologique de France 15, 180–183. 
doi:10.5962/bhl.part.18723 
Jullien, J., and Calvet, L. (1903). Bryozoaires provenant des campagnes de 
l'Hirondelle, 1866-1888. Vol. 23. Résultats des campagnes scientifiques 
accomplies sur son yacht par Albert Ier, prince souverain de Monaco. 
doi:10.5962/bhl.title.2169 
Katoh, K., and Standley, D. M. (2013). MAFFT multiple sequence alignment software 
version 7: improvements in performance and usability. Molecular Biology and 
Evolution 30, 772–780. doi:10.1093/molbev/mst010 
Kluge, H. (1948). On the occurrence of Rhabdopleura in the Barents Sea. In 
Stebbing, A. R. D. (1970b). The status and ecology of Rhabdopleura compacta 
20 
Hincks (Hemichordata), from Plymouth. Journal of the Marine Biological 
Association of the United Kingdom 50, 209–221.  
Köehler, R. (1896). Résultats scientifiques de la campagne du ‘Caudan’ dans le 
golfe de Gascogne. Annales de l'Université de Lyon 26, 711–740.  
Kozłowski, R. (1948). Les graptolithes et quelques nouveaux groups d’animaux du 
Trémadoc de la Pologne. Palaeontologia Polonica 3, 1–235. 
Kozłowski, R. (1959). Les hydroïdes ordoviciens à squelette chitineux. Acta 
Palaeontologica Polonica 4, 209–271. 
Kozłowski, R. (1961). Découverte d’un Rhabdopleuridé (Pterobranchia) 
ordovicien. Acta Palaeontologica Polonica 6, 3–16. 
Kozłowski, R. (1967). Sur certain fossiles ordoviciens à teste organique. Acta 
Palaeontologica Polonica 12, 99–132. 
Kozłowski, R. (1970). Nouvelles observations sur les Rhabdopleuridés 
(Ptérobranches) ordoviciens. Acta Palaeontologica Polonica 15, 3–17. 
Lankester, E. R. (1877). Notes on the embryology and classification of the animal 
kingdom: comprising a revision of speculations relative to the origin and 
significance of the germ-layers. Quarterly Journal of Microscopical Science 
17, 399–454. 
Lankester, E. R. (1882). Dredging in the Norwegian Fjords. Nature 26, 478–479. 
doi:10.1038/026478a0 
Lankester, E. R. (1884). A contribution to the knowledge of Rhabdopleura. 
Quarterly Journal of Microscopical Science 24, 622–647.  
Laubier, L. (1964). Decouverte de la classe des Pterobranches en Mediterranee. 
Comptes Rendus Hebdomadaires Des Seances De L’Academie Des Sciences 
258, 4340–4342. 
López-Gappa, J. J. (1987). Presencia del género Rhabdopleura (Hemichordata, 
Pterobranchia) en la plataforma continental argentina. Physis 45, 33–36. 
21 
Maletz, J. (2014). The classification of the Pterobranchia (Cephalodiscida and 
Graptolithina). Bulletin of Geosciences 89, 477–540. 
doi:10.3140/bull.geosci.1465 
Maletz, J. (2015). Graptolite reconstructions and interpretations. Paläontologische 
Zeitschrift 89, 271–286. doi:10.1007/s12542-014-0234-4 
Maletz, J., and Cameron, C. B. (2016). Part V, Second Revision, Chapter 3: 
Introduction to Class Pterobranchia Lankester, 1877. Treatise Online 82, 1–15. 
doi:10.17161/to.v0i0.6476 
Maletz, J., and Steiner, M. (2015). Graptolite (Hemichordata, Pterobranchia) 
preservation and identification in the Cambrian Series 3. Palaeontology 58, 
1073–1107. 
Mierzejewski, P. (1986). Ultrastructure, taxonomy and affinities of some 
Ordovician and Silurian organic microfossils. Palaeontologia Polonica 47, 
129–220.  
Mitchell, C. E., Melchin, M. J., Cameron, C. B., and Maletz, J. (2013). 
Phylogenetic analysis reveals that Rhabdopleura is an extant graptolite. Lethaia 
46, 34–56. doi:10.1111/j.1502-3931.2012.00319.x 
Nordgaard, O. (1900). ‘Polyzoa. The Norwegian North-Atlantic Expedition 1876-
1878.’ (Grøndhal & Søn: Christiana.) doi:10.5962/bhl.title.58194 
Norman, A. M. (1869). Shetland final dredging report. Part 2. On the Crustacea, 
Tunicata, Polyzoa, Echinodermata, Actinozoa, Hydrozoa and Porifera. Reports 
of the British Association of the Advancement of Science 247–336. 
Norman, A. M. (1903). Notes on the Natural History of East Finmark. The Annals 
and magazine of natural history 12, 87–128. doi:10.1080/00222930308678831 
Norman, J. R. (1921). Rhabdopleura. British Antarctic Terra Nova Expedition 1910 
(Zoology) 4, 95–102.  
22 
Obut, A. M., and Sobolevskaya, R. F. (1967). Nekotorye stereostolonaty pozdnego 
kembriya i ordovika Noriľskogo rayona. Akademia Nauk SSR, Sibirskoe 
otdelenie, Institut geologii i geofiziki 45–64. [in Russian]  
Pallas, P. S. (1766). ‘Elenchus zoophytorum sistens generum adumbrationes 
generaliores et specierum cognitarum succinctas descriptiones cum selectis 
auctorum synonymis.’ (Petrum van Cleef: Francofurti ad Moenum.) 
doi:10.5962/bhl.title.6595 
Palumbi, S. R. (1996). Nucleic acids II: the polymerase chain reaction. In 
‘Molecular Systematics’. (Eds. D. M. Hillis, C. Moritz, B. K. Mable) pp. 205–
247. (Sinauer Associates: Sunderland, Massachusetts). 
Rambaut, A., Suchard, M. A., Xie, D., and Drummond, A. J. (2014). ‘Tracer v1.6.’ 
Available at http://beast.bio.ed.ac.uk/Tracer/ 
Rickards, R. B., Chapman, A. J., and Temple, J. T. (1984). Rhabdopleura hollandi, 
a new pterobranch hemichordate from the Silurian of the Llandovery district, 
Powys, Wales. Proceedings of the Geologists Association 95, 23–28. 
doi:10.1016/S0016-7878(84)80017-6 
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L., Darling, A., Höhna, S., 
Larget, B., Liu, L., Suchard, M. A., and Huelsenbeck, J. P. (2012). MrBayes 
3.2: efficient Bayesian phylogenetic inference and model choice across a large 
model space. Systematic biology 61, 539–542. doi:10.1093/sysbio/sys029 
Ruedemann, R. (1933). The Cambrian of the Upper Mississippi Valley, Part III. 
Graptoloidea. In Maletz, J. (2014). The classification of the Pterobranchia 
(Cephalodiscida and Graptolithina). Bulletin of Geosciences 89, 477–540.  
Sars, G. O. (1874). On Rhabdopleura mirabilis (M. Sars). Quarterly Journal of 
Microscopical Science, New Series 14, 23–44. 
Sars, M. (1868). Fortsatte Bemærkninger over det dyriske livs udbredning i havets 
dybder. Særskilt aftryt af Vidensk-Selsk. Forhandlinger for 1868 245–275. 
doi:10.5962/bhl.title.51281 
23 
Sato, A., Bishop, J. D. D., and Holland, P. W. H. (2008). Developmental biology of 
pterobranch hemichordates: history and perspectives. Genesis 46, 587–591. 
doi:10.1002/dvg.20395 
Schepotieff, A. (1904). Zur organisation von Rhabdopleura. Bergens Museum 
Aarbog 2, 1–21.  
Schepotieff, A. (1907). Die Pterobranchier. Anatomische und histologische 
Untersuchungen über Rhabdopleura normani Allman und Cephalodiscus 
dodecalophus M’int. 1.Teil. Rhabdopleura normani. 1. Abschnitt. Die 
Anatomie von Rhabdopleura. Zoologische Jahrbücher. Abteilung für Anatomie 
23, 463–534. doi:10.5962/bhl.part.21044 
Schepotieff, A. (1909). Die Pterobranchier des Indischen Ozeans. Zoologische 
Jahrbücher, Abteilung für Systematik 28, 429–448. 
Simakov, O., Kawashima, T., Marlétaz, F., Jenkins, J., Koyanagi, R., Mitros, T., 
Hisata, K., Bredeson, J., Shoguchi, E., Gyoja, F., Yue, J-X., Chen,Y-C., 
Freeman, R., Sasaki, A., Hikosaka-Katayama, T., Sato, A., Fujie, M., 
Baughman, K., Levine, J., Gonzalez, P., Cameron, C., Fritzenwanker, J., Pani, 
A., Goto, H., Kanda, M., Arakaki, N., Yamasaki, S., Qu, J., Cree, A., Ding, Y., 
Dinh, H., Dugan, S., Holder, M., Jhangiani, S., Kovar, C., Lee, S., Lewis, L., 
Morton, D., Nazareth, L., Okwuonu, G., Santibanez, J., Chen, R., Richards, S., 
Muzny, D., Gillis, A., Peshkin, L., Wu, M., Humphreys, T., Su, Y-H., Putnam, 
N., Schmutz, J., Fujiyama, A., Yu, Jr-K., Tagawa, K., Worley, K., Gibbs, R., 
Kirschner, M., Lowe, C., Satoh, N., Rokhsar, D., Gerhart, J. 2015. 
Hemichordate genomes and deuterostome origins. Nature 527, 459–465. 
doi:10.1038/nature16150 
Stebbing, A. R. D. (1968). Discovery of Rhabdopleura (Hemichordata) at 
Plymouth. Nature 217, 1284. doi:10.1038/2171284a0 
Stebbing, A. R. D. (1970a). Aspects of the reproduction and life cycle of 
Rhabdopleura compacta (Hemichordata). Marine Biology 5, 205–212. 
doi:10.1007/BF00346908  
24 
Stebbing, A. R. D. (1970b). The status and ecology of Rhabdopleura compacta 
(Hemichordata), from Plymouth. Journal of the Marine Biological Association 
of the United Kingdom 50, 209–221. doi:10.1017/S0025315400000722 
Stebbing, A. R. D., and Dilly P. N. (1972). Some Observations on Living Rhabdopleura 
compacta [Hemichordata]. Journal of the Marine Biological Association of the 
United Kingdom 52, 443–448. 
Sukumaran, J., and Holder, M. T. (2010). DendroPy: a Python library for 
phylogenetic computing. Bioinformatics 26, 1569–1571. 
doi:10.1093/bioinformatics/btq228 
Tamura, K., Stecher, G., Peterson, D., Filipski, A., and Kumar, S. (2013). MEGA6: 
molecular evolutionary genetics analysis version 6.0. Molecular Biology and 
Evolution 30, 2725–2729. doi:10.1093/molbev/mst197 
Talavera, G., and Castresana, J. (2007). Improvement of phylogenies after 
removing divergent and ambiguously aligned blocks from protein sequence 
alignments. Systematic Biology 56, 564–577. doi:10.1080/10635150701472164 
Urbanek, A., and Dilly, P. N. (2000). The stolon system in Rhabdopleura compacta 
(Hemichordata) and its phylogenetic implications. Acta Palaeontologica 
Polonica 45, 201–226. 
Van Soest, R. W. M., Boury-Esnault, N., Vacelet, J., Dohrmann, M., Erpenbeck, 
D., De Voogd, N. J., Santodomingo, N., Vanhoorne, B., Kelly, M., and Hooper, 
J. N. A. (2012). Global Diversity of Sponges (Porifera). PLoS one 7, e35105. 
doi:10.1371/journal.pone.0035105 
Walcott, C. D. (1919). Middle Cambrian algae. Smithsonian Miscellaneous 
collections 67, 217–260. 
Waters, A. W. M. (1879). On the Bryozoa (Polyzoa) of the Bay of Naples. The 
Annals and magazine of natural history 3, 192–202. 
doi:10.1080/00222937908694085 
25 
Zietara, M. S., Arndt, A., Geets, A., Hellemans, B., and Volckaert, F. A. (2000). 
The nuclear rDNA region of Gyrodactylus arcuatus and G. branchicus 
(Monogenea: Gyrodactylidae). Journal of Parasitology 86, 1368–1373. 
doi:10.1645/0022-3395(2000)086[1368:TNRROG]2.0.CO;2 
Zwickl, D. J. (2006). ‘Genetic algorithm approaches for the phylogenetic analysis 
of large biological sequence datasets under the maximum likelihood criterion.’ 




Fig. 1. Rhabdopleura recondita. A, general zooid anatomy: protosoma with the 
cephalic shield (cs), mesosoma with arms, tentacles and collar, and the trunk, or 
metasoma; B, zooid compressed between two slides for optical microscope 
observation, cephalic shield (cs), arms, tentacles and trunk are visible, a contractile 
stalk (cst) on the anterior of the trunk is evident; C, developing zooid within 
bryozoan zooecium (bz) with concentrated black pigment on arms and cephalic 
shield; D, external view of a colony from 70 m depth, with abundant erect tubes 
growing outside the zooecium of the bryozoan Schizoretepora serratimargo; G, R. 
recondita zooid in its erect tube, the conspicuous long naked arms tips are visible; 
H–I, sections of a calcified skeleton of a dead Myriapora truncata (Bryozoa) 
colonized by R. recondita, with erect tubes project outward from the bryozoan 
zooecia apertures, and pterobranch zooids inside, a pigmented globule (pg) is 
visible. Scale bars: A–C, E–I = 200 μm; D = 3 mm 
Fig. 2. Rhabdopleura recondita zooid and colony drawings. A, General zooid 
subdivision in protosoma, mesosoma and metasoma in frontal view; B, zooid lateral 
view with the U-shaped gut visible through the metasoma epidermis, anus and 
contractile stalk (cst) are indicated; C, section of a bryozoan zooecium colonized by R. 
recondita with the stolon running along the spaces leaved empty by the bryozoan 
zooids, the pigmented bodies (pg) are indicated.  
 
Fig. S1. Bayesian Inference trees of the (A) 18S rRNA obtained under the HKY+G+I 
model and (B) 16S rRNA obtained under the GTR+G+I model. Numbers at nodes 
represent Bayesian posterior probabilities and maximum likelihood bootstrapping 
values, respectively. Trees where rooted with the deuterostome Branchiostoma 
lanceolatum. 
 
Fig. 3. Bayesian Inference tree of the concatenated 16S and 18S rRNA datasets. 
Numbers at nodes represent Bayesian posterior probabilities and maximum likelihood 
bootstrapping values, respectively.  
27 
Fig. 4. Map of the global distribution of Rhabdopleura species (after Burdon-Jones 
1954 and Stebbing 1970b). Where more than one sampling was performed, we 
indicate the location where the most precise collection location was reported. See 
text for references. The map was created with R software (https://www.r-
project.org/). 
 
Table 1. Sampling data for Rhabdopleura recondita colonies. 
Table 2. Information on the Rhabdopleura recondita hosts. 
Table 3. Specimens included in the analyses and associated GenBank accession 
numbers. 
Table 4. Pairwise comparisons of genetic distance (uncorrected p-distance in %) of 16S 
and 18S rRNA sequences within and between rhabdopleurid clades. Standard deviations 
are in parentheses. n. c. not calculated. 
